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© Flow Imaging cytometer. 
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© An imaging flow cytometer is provided with a 
continuous-emission light source (45) for continu- 
ously monitoring cells passing through the image 
capturing area of a video camera (24) for cell-image 
capturing, and with an excitation light source for 
picking up a fluorescent image of a cell When a line 
sensor (14) monitoring cell passage through the 
cytometer senses such cell passage, the cell is 
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irradiated with strobe light and then, after waiting for 
the cell to move a fixed distance, with the excitation 
light. Thus, a particle analyzer is provided in which 
an image by white light resulting from the strobe 
light and a fluorescent image resulting from the 
excitation light can be captured simultaneously by a 
single video camera in either upper and lower halves 
or right and left halves of one imaged frame. 
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This invention relates to a flow Imaging cyto- 
meter. More particularly, the invention relates to a 
flow-imaging particle analyzing system in which 
cells fluorescently stained in a manner suitable for 
the particular cells of interest are introduced to a 
flow cell to be formed into a planar sheathed flow 
and irradiated with white light (strobe light) to ob- 
tain an image by white light and excited with laser 
light to obtain a fluorescent image in a highly 
efficient manner, and in which the two types of 
images can be captured simultaneously by a single 
video camera and subject to analysis. 

Attempts have been made to irradiate cells, 
which have been stained and smeared on a glass 
slide, with light such as visible light or ultraviolet 
light under a microscope, capture a fluorescent 
image of cells of interest, analyze the resulting 
image and obtain physiological information relating 
to the cells. However, a method of this kind is not 
suited to the analytical processing of a large num- 
ber of cells in a short time, and analysis using 
fluorescent images has only limited application. 

In another example of the conventional flow 
cytometer, the cell information is obtained using a 
gross value of the fluorescence emitted from the 
fluorescently stained cell. In other words, the flu- 
orescence emitted from each portion of the cell is 
integrated over the entirety of the cell, and the cell 
information is obtained in the form of such an 
integrated value. Though such a method lends it- 
self to analysis of a large number of cells in a short 
p riod of time, it is not possible to acquire detailed 
information as to which portions of individual cells 
have been stained and caused to emit fluores- 
cence. Consequently, this method is limited in 
terms of analytical performance. 

On the other hand, a cell classifying apparatus 
that has been put into practical use employs a 
technique in which cells stained in a manner suit- 
able for a particular cell of interest are introduced 
to a flow cell to be formed into a planar sheathed 
flow and irradiated with strobe light, a still picture is 
obtained by a video camera and image processing 
is applied. However, the state of the art is such that 
the capturing and analysis of fluorescent images of 
individual cells using this method have still not 
reached a practical stage because of problems 
related to fluorescent imaging sensitivity. The 
present invention makes use of the technology 
mployed in a flow imaging cytometer of the type 
having a high image capturing efficiency, as pre- 
viously proposed in the specification of Japanese 
Patent Application No. 185794/1990. 

Thus, the art still lacks a definitive flow-imaging 
particle analyzing system for sensing c lis that 
pass through an image capturing area and irradiat- 
ing the cells with concentrated exciting light, th re- 
by to assure the required fluorescent intensity and 



obtain a fluorescent image, and for subjecting the 
fluorescent image, as w II as an image by white 
light of the cells derived from the conventional 
white-light source, to highly efficient image captur- 

5 ing and analysis using a single video camera. 

Accordingly, an object of the present invention 
is to provide a flow imaging cytometer which ex- 
pands upon the idea of the previously proposed 
(the aforementioned Japanese Patent Application 

10 No. 185794/1990, hereinafter referred to as "the 
earlier application 11 ) flow imaging cytometer of the 
type having a high image capturing efficiency, 
wherein fluorescence emitted by a fluorescently 
stained cell is obtained as a two-dimensional image 

75 at the same time as an image by white light 
acquired by conventional strobe-light (white-light) 
irradiation. 

According to the present invention, the fore- 
going object is attained by providing a flow imaging 

20 cytometer comprising a flow cell formed to include 
a flat flow path for causing a specimen solution 
containing particle components to be sensed to 
flow as a flat stream, first and third light sources 
arranged on a first side of the flow cell for irradiat- 

25 ing the specimen solution in the flow cell with 
pulsed light, first image capturing means arranged 
on an opposite side of the flow cell for picking up 
still pictures of the particle components in the 
specimen solution irradiated by the first and third 

do light sources, a second light source arranged on 
the first side of the flow cell for irradiating the 
specimen solution in the flow cell with light continu- 
ously, second image capturing means arranged on 
the opposite side of the flow cell for picking up an 

35 image of the specimen solution irradiated by the 
second light source, processing means for execut- 
ing prescribed analysis based upon image data 
from the first and second image capturing means, 
and control means for detecting the particle com- 

40 ponents based upon the image data from the sec- 
ond image capturing means, and on the basis of 
such detection, for causing the third light source to 
emit light first, followed by the first light source 
upon passage of a prescribed time, within an im- 

45 age capturing period of the first image capturing 
means, wherein the first light source is a light 
source for exciting fluorescence, the third light 
source is a light source for emitting white light, and 
the image resulting from the first light source and 

so the image resulting from the third light source are 
each captured in a different area on a light-detect- 
ing surface of the first image capturing means. 

The flow imaging cytometer of the pr sent 
invention is further characterized in that the first 

55 image capturing means has a two-dimensional im- 
age capturing area on the flow of the specimen 
solution, the second image capturing means has a 
linear image capturing area on the flow of the 
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specimen solution, the imag capturing area of the 
second image capturing means is form d so as to 
cross the flow of the specimen solution within the 
image capturing area of the first image capturing 
means, the image capturing area of the first image 5 
capturing means is divided into a zone which in- 
cludes, and a zone which does not include, the 
image capturing area of the second image captur- 
ing means, and an image in one of these zones 
resulting from irradiation by the third light source 10 
and an image in the other of these zones resulting 
from irradiation by the first light source are cap- 
tured by the first image capturing means. 

The flow imaging cytometer. of the present 
invention is further characterized by having mask- 15 
ing means for masking light irradiating the first 
image capturing means in such a manner that the 
two images do not overlap each other on the light- 
detecting surface of the first image capturing 
means. 20 

The flow imaging cytometer of the present 
invention is further characterized by having means 
for forming the irradiating light from the first light 
source into an elliptical shape, and in that the light- 
detecting system of a fluorescent image is pro- 25 
vided with an image intensifier operated only when 
the fluorescent image is captured. 

Other features and advantages of the present 
invention will be apparent from the following de- 
scription taken in conjunction with the accompany- $0 
ing drawings. 

Fig. 1 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 
to the present invention; 

Fig. 2 is an explanatory view illustrating an ex- 35 
ample of a light-irradiating area and an image 
capturing area of a flow cell; 
Fig. 3 is a timing chart illustrating irradiation 
timing and the timing of a gating signal for an 
image intensifier; ao 
Fig. 4 is a diagram showing an example of an 
imaged frame of a cell captured by a video 
camera; and 

Fig. 5 is a diagram showing examples of semi- 
circular and rectangular masks. 45 
A preferred embodiment of a flow imaging 
cytometer according to the present invention will 
now be described with reference to the drawings. 
The flow imaging cytometer includes, in addition to 
the light source (a near infrared semiconductor 50 
laser) and line sensor for monitoring passage of 
cells in the earlier application, an excitation light 
source for obtaining a fluorescent image, an image 
intensifier for intensifying the fluorescence, and 
various mirrors, filters and masks employed so that 55 
the fluorescent image as well as a conventional 
image by white light can be acquired by a single 
video camera. 



As shown in Fig. 1 , th flow imaging cytom ter 
of the invention includes a planar-sheath flow cell 6 
to which a specimen solution containing stained 
cells is introduced. In order that passage of these 
cells through an image capturing area of a video 
camera 24 may be monitored at all times, the 
image capturing area is irradiated continuously with 
laser light from a near infrared semiconductor laser 
45. The light from the semiconductor laser 45 is 
collimated by a collimator lens 46, and the col- 
limated light is reflected by a dichroic mirror 4 
upon passing through a cylindrical lens 47. The 
reflected light is stopped down to a finely elon- 
gated beam spot perpendicular to the direction of 
cell move by a condenser lens 5 and irradiates an 
image capturing area of a line sensor 14, as illus- 
trated in Fig. 2. In this embodiment, the image 
capturing area of the line sensor 14 is provided 
slightly above mid-center of the upper half of the 
image capturing area of video camera 24. 

The light from the semiconductor laser 45 leav- 
ing the image capturing area passes through an 
objective lens 8 and is then split by a beam-splitter 
11. Part of the light from the beam-splitter 11 
passes through a dichroic mirror 12 and enters to a 
projecting lens 13, which proceeds to form an 
image on the line sensor 14. The line sensor 14 
successively produces voltage outputs conforming 
to the accumulated amount of photoelectrical con- 
version of each pixel exposed for a scanning cycle 
(several tens of microseconds) of one line. By 
means of signal processing similar to that set forth 
in the earlier application, a trigger for strobe-light 
irradiation is applied when a cell crosses the image 
capturing area of the line sensor 14 during even- 
numbered field intervals of the video camera 24. 

The processing time from the instant a cell 
crosses the image capturing area of the line sensor 
14 until a strobe 1 is triggered is 100 - 200 usee if 
the scanning cycle of the line sensor 14 is 50 
usee. On the assumption that the flow velocity of 
cells in flow cell 6 is 30 mm/sec, a cell will move 3 
- 6 urn in this period of time. Accordingly, the 
image of a cell obtained by being irradiated with 
the strobe 1 will always fall in the area located in 
the upper half of one imaged frame, as illustrated 
in Fig. 4. 

The strobe light from strobe 1 is collimated by 
a collimator lens 9, the collimated light passes 
through a condenser lens 10 and dichroic mirrors 
4, 4A and enters to the condenser lens 5, by virtue 
of which the entirety of the image capturing area of 
video camera 24 is irradiated with the strobe light 
substantially uniformly. This strobe light which has 
passed through the image capturing area is re- 
flected by the dichroic mirror 12 upon being acted 
upon by the obj ctive lens 8 and beam-splitter 1 1 . 
The reflected light has its near infrared component 
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cut by a filter 20A, with the resulting light entering 
to a projecting lens 15. The latter forms an image 
upon a semicircular mask 16, shown in Fig. 5. The 
lower half of the image is blocked by the mask 16, 
as a result of which an image is formed on only 
half of a CCD area sensor of the video camera 24 
via a relay lens 27 and half-mirror 19. 

The part of the light reflected by the beam- 
splitter 1 1 passes through a filter 20 and a projec- 
ting lens 21, whereby an image is formed on the 
photoelectric surface of image intensifier 22. Since 
gating is applied in such a manner that a voltage is 
not impressed upon the image intensifier 22 at this 
point in time, an image does not appear on its 
output surface. A gating signal for this purpose is 
produced by a discriminator/controller 28, which is 
for judging when a cell has passed through the 
image capturing area, and for controlling the light 
sources. 

After a cell has been irradiated with light from 
the strobe 1 , the system waits for the cell to travel 
to a position in the lower half of the image captur- 
ing area before irradiating the cell with light from 
an excitation light source 35 (for example, an He- 
Cd laser or xenon lamp). A trigger signal for this 
purpose is produced by the light-source controller 
28. The light from the light source 35 is rendered 
into an oblong form by a cylindrical lens 36, and 
th light from lens 36 is reflected by the dichroic 
mirror 4A. The reflected light is stopped down to a 
finely elongated beam spot perpendicular to the 
direction of cell move by the condenser lens 5 and 
irradiates the mid-center region of the lower half of 
the image capturing area of video camera 24, as 
depicted in Rg. 2. The cell will be moving through 
this irradiated area at this time. If the moving speed 
of the cell through the flow cell 6 is 30 mm/sec and 
the image capturing area of the video camera 24 
has a size of 150 x 150 urn, then control should be 
exercised in such a manner that the image captur- 
ing area is irradiated with the exciting light approxi- 
mately 2.5 msec after this area has been irradiated 
with the light from strobe 1 . Since fluorescence is 
extremely weak, the duration of irradiation with the 
exciting light should be as long as possible. This 
will be approximately several tens of microseconds 
in view of the fact that a longer period of time may 
result in significant shaking of the image. 

To be more precise, the timing for irradiation 
with the exciting light also must fall within the even- 
numbered field periods of the video camera 24. 
Accordingly, the timing at which the strobe light 
can be emitted when passage of a cell through the 
imag capturing area has been monitor d falls 
within even-numb r d fields up to 2.5 msec prior 
to the odd-number fields. 

In operation, fluorescence mitted by a cell in 
response to irradiation with the exciting light 



passes through the objective lens 8 and is reflected 
by the beam-splitter 11, which has a high reflec- 
tance. The exciting light which has passed through 
the image capturing area is intercepted by an ex- 

5 citing light-beam stopper 30, and stray light is 
removed by the filter 20. Near infrared light con- 
tinuously emitted in order to monitor cell flow- 
through also is eliminated by the filter 20. 

The fluorescent light which has passed through 

w the filter 20 enters to the projecting lens 21 , where- 
by an image of the cell is formed on the photoelec- 
tric surface of the image intensifier 22. At this time 
a high-voltage is applied to the image intensifier 22 
so that the image is intensified by an internal MCP 

75 (a microchannel plate) to form an image on the 
fluorescent output surface of the intensifier. This 
image, half of which is masked by a semicircular 
mask 23, is reflected by a mirror 17 so as to pass 
through a relay lens 18, whereby an image is 

20 formed on only half of the CCD area sensor of the 
video camera 24 through a half-mirror 19. 

Meanwhile, the part of the fluorescent light 
which has passed through the beam-splitter 11 is 
reflected by the dichroic mirror 12 so that an image 

25 is formed at the position of the semicircular mask 
16. This image, however, is blocked by the mask. 
The part of the near infrared light which has 
passed through the beam splitter 11 is almost 
totally transmitted by the dichroic mirror 12, and 

30 any part thereof reflected by the dichroic mirror 12 
is eliminated by the filter 20A. As a consequence, 
multiple exposure will not take place on the natural- 
light capturing side of the CCD area sensor of 
video camera 24 (already irradiated at emission of 

35 the strobe light). 

After a cell passing through the image captur- 
ing area is detected through a sequence of the 
above kind, the image by white light and fluores- 
cent image of the cell can be captured by the sole 

40 video camera 24. Rg. 4 illustrates an example of 
such an imaged frame. Rg. 3 is an example illus- 
trating the timing of strobe emission and excitation 
light emission after detection of a cell passing 
through the image capturing area, as well as the 

45 timing of gating signals for the image intensifier 22. 
The signals for controlling such timing are pro- 
duced by the discriminator/controller 28 shown in 
Rg. 1. 

It is required that a cell be irradiated with the 
50 excitation light exactly when it has moved to the 
excitation-light irradiating area after passing 
through the image capturing area of the line sensor 
14. It will suffice if control for such timing entails 
mere application of a fixed time delay following 
55 d tection of cell flow-through, provided th flow 
velocity of the cell does not fluctuate. If flow ve- 
locity fluctuat s, however, the f llowing expedi nt 
can be adopted. Specifically, the position at which 
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the fluorescent imag of the cell appears in one 
frame can readily be determined by image pro- . 
cessing. Therefore, if this position shifts from the 
expected position from one frame to the next, 
feedback control is applied so as to correct the 5 
time delay which elapses until irradiation with the 
fluorescent light is performed. 

In the embodiment described above, the near 
infrared semiconductor laser 45 is used as the light 
source for monitoring passage of cells through the w 
image capturing area. However, use can be made 
of a near infrared LED instead. In addition, the 
positions at which the fluorescent image light-de- 
tecting system and white-light detecting system are 
disposed in Fig. 1 can be interchanged if desired. 75 
Furthermore, an arrangement can be adopted in 
which, by bringing the fluorescent-tight irradiating 
area to the upper side of the image capturing area 
in the same manner as the near infrared-light irra- 
diating area, first the fluorescent image is captured 20 
after detection of cell flow-through, and then the 
cell is irradiated with the strobe light after waiting 
for the cell to move to the lower side of the image 
capturing area, whereby the image by white light is 
captured next. 25 

The invention as described above affords the 
following advantages: 

(1) Since passage of cells through the image 
capturing area is monitored all times, even the 
images of cells in a weak concentration can be 30 
obtained efficiently and with excellent selectivity. 

(2) The irradiating light for obtaining the fluores- 
cent image of a cell need not irradiate the entire 
image capturing area of the video camera; it can 

be focused to a specific area instead. This 35 
makes it possible to raise the intensity of the 
irradiating light per unit area so that weak flu- 
orescence can be captured as an image even if 
exposure time is short. 

(3) Two images, namely the image by white 40 
light and the fluorescent image, can be acquired 

in one and the same imaged frame by a single 
video camera. This facilitates image analytical 
processing and has advantages in terms of cost. 
. (4) Images of a large number of cells per unit 45 
time can be obtained and subjected to analytical 
processing by flow imaging techniques. 
As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is so 
to be understood that the invention is not limited to 
the specific embodiments thereof except as de- 
fined in the appended claims. 

Claims 55 

1. A flow imaging cytom t r comprising: 

a flow cell formed to include a flat flow 



path for causing a specimen solution contain- 
ing particle components to be sensed to flow 
as a flat stream; 

first and third light sources arranged on a 
first side of said flow cell for irradiating the 
specimen solution in said flow cell with pulsed 
light; 

first image capturing means arranged on 
an opposite side of said flow cell for capturing 
still pictures of the particle components in the 
specimen solution irradiated by said first and 
third light sources; 

a second light source arranged on the first 
side of said flow cell for irradiating the speci- 
men solution in said flow cell with light continu- 
ously; 

second image capturing means arranged 
on the opposite side of said flow cell for pick- 
ing up an image of the specimen solution 
irradiated by said second light source; 

processing means for executing pre- 
scribed analysis based upon image data from 
said first and second image capturing means; 
and 

light-source control means for detecting 
the particle components based upon the image 
data from said second image capturing means, 
and on the basis of such detection, for causing 
said third light source to emit light first, fol- 
lowed by said first light source upon passage 
of a prescribed time, within an image capturing 
period of said first image capturing means; 

wherein said first light source is a light 
source for exciting fluorescence, said third light 
source is a light source for emitting white light, 
and the image resulting from said first light 
source and the image resulting from said third 
light source are each captured in a different 
area on a light-detecting surface of said first 
image capturing means. 

2. The flow imaging cytometer according to claim 
1, wherein said first image capturing means 
has a two-dimensional image capturing area on 
the flow of the specimen solution, said second 
image capturing means has a linear image 
capturing area on the flow of the specimen 
solution, the image capturing area of said sec- 
ond image capturing means is formed so as to 
cross the flow of the specimen solution within 
the image capturing area of said first image 
capturing means, the image capturing area of 
said first image capturing m ans is divided into 
a zone which includes, and a zone which does 
not include, the image capturing area of the 
second image capturing means, and an image 
in one of these zones resulting from irradiation 
by said third light source and an image in the 
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other of these zones resulting from irradiation 
by said first light source are captured by said 
first image capturing means. 

3. The flow imaging cytometer according to claim 5 
2, further comprising masking means for mask- 
ing light irradiating said first image capturing 
means in such a manner that the two images 

do not overlap each other on the light-detect- 
ing surface of said first image capturing w 
means. 

4. The flow imaging cytometer according to claim 
2, further comprising means for forming the 
irradiating light from said first light source into 75 
an elongated elliptical shape. 

5. The flow imaging cytometer according to any 
one of claims 1 through 4, wherein a light- 
detecting system of a fluorescent image is 20 
provided with an image intensifier, and said 
image intensifier is operated only when the 
fluorescent image is captured. 
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© Row Imaging cytometer. 



© An imaging flow cytometer is provided with a 
continuous-emission light source (45) for continu- 
ously monitoring cells passing through the image 
capturing area of a video camera (24) for cell-image 
capturing, and with an excitation light source for 
picking up a fluorescent image of a cell. When a line 
sensor (14) monitoring cell passage through the 
cytometer senses such cell passage, the cell is 



Fig. 1 



irradiated with strobe light and then, after waiting for 
the cell to move a fixed distance, with the excitation 
light. Thus, a particle analyzer is provided in which 
an image by white light resulting from the strobe 
light and a fluorescent image resulting from the 
excitation light can be captured simultaneously by a 
single video camera in either upper and lower halves 
or right and left halves of one imaged frame. 
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